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Executive Summary

California is first in strawberry production in the United States, producing 80% of fresh
market strawberries. Strawberries are grown on approximately 25,000 acres per year in
California, and have an average annual value of approximately $734 million. The
continued economic success of the strawberry industry in California will continue to rest,
in part, on the industry’s ability to develop a pest management program that balances
cultural and biological control practices with chemical treatment.

For many years the strawberry industry has relied on both chemical treatments and
cultural practices to diminish the impact of soil-borne diseases, insects, and weeds on
the yield and quality of the fruit. |n recent decades, the most important treatment has
been methyl bromide, a broad-spectrum soil fumigant, applied in combination with
chloropicrin. Preplant applications control most agronomically important diseases,
prevent weed germination, and control arthropods present in the soil.

Methyl bromide has been identified, however, as having the potential to deplete the
Earth's ozone layer, and for this reason its use is being phased out. Importation and
domestic production of methyl bromide are to cease by the year 2005. At present no
broad-spectrum, drop-in replacement for methyl bromide is yet available to the
strawberry industry.

Recognizing this problem, the California Strawberry Commission conducted a
statewide, multi-faceted program during 1997-1999 (Pest Management Alliance
Contract No. 97-0259 in addition to grants from USDA, US EPA, UC SAREP, and CSC
research money) to enable California’s strawberry industry to rapidly identify and
implement alternatives in managing soil-borne diseases. The program successfully
demonstrated promising, technically feasible alternatives to the use of methyl bromide
within the limitations of the studies. However, the economic viability of the tested
alternatives to methyl bromide remains to be demonstrated. No tested alternative is an
exact replacement for methyl bromide and use of each potential alternative has impacts
throughout the entire economics of strawberry culture in California.

Developing a sound, muiti-faceted, reduced-risk approach to integrated pest
management for the long term is critical. Such an IPM program would provide viable
bio-control and cultural practices, as well as chemical tools to provide replacements for
the wide array of disease, insect, nematode, and weed control that are currently
obtained through the use of methyl bromide. The focus of this Pest Management
Alliance (PMA) Work Plan is to identify, demonstrate and implement non-chemical
methods, such as cultural and biological control methods that could be implemented in
an integrated pest management approach as reduced-risk replacements for methyl
bromide.



Ten areas of non-chemical pest control were investigated.

1. Organic Amendments with Beneficial Microorganisms

2. Crop Rotation

3. Organic Composting (High Nitrogen Composts)

4. Tarps and Films (Colored Tarps and High-Barrier Film)

5. Solarization

6. Non-Chemical Weed Control

7. Plant-Back Timing With Non-Chemical Techniques

8. Cultivar Tolerance to Non-Chemical Technigues

9. Coordination and Demonstration with Chemical Alternatives Research

10. Economic Assessment of Non-Chemical Alternatives.

In conclusion, some promising but preliminary results were obtained in the studies. The
work with beneficial microorganisms, crop rotation, organic composting and solarization
showed some promise, but additional work is required in strawberry culture. Colored
tarps showed that weeds can be controlled best with black and green colored mulches.
Ozone had poor efficacy in weed control. And cultivar testing for resistance to
Verticilium and Phytophthora were mixed. While the cultivars tested showed poor
resistance to Verticilium, some were fairly resistant to Phytophthora giving hope to

future breeding programs that resistant plants can be developed.

Research results were discussed at six well attended Field Days in 2001, a total of 740
growers attending.
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Introduction

1. Organic Amendment with Beneficial Microorganisms

The task focuses on two programs using beneficial microorganisms as aiternates to the
use of methyl bromide. Fumigation has been shown to change the make up of
microorganisms in the soil dramatically, a transformation that apparently has direct
benefit on strawberry growth and yield. Certain microorganisms have been shown to
improve root health, growth, and yield in strawberry plants in either the absence of soil
fumigation (organically grown conditions) or when using less effective fumigation
materials. Fumigation not only removes pathogenic organisms in the soil but also
enhances the availability of beneficial organisms. Mimicking these effects, through the
use of beneficial microorganisms is the goal of this task. First, microorganisms found to
promate root growth in strawberries will be isolated from strawberry roots and used as
soil amendments. Second, commercially available beneficial organisms will be used as
soil amendments. These amendments will be characterized for their effectiveness
against the spectrum of pests currently controlled by methyl bromide or, in the case of
organicaily certified fields, their effectiveness against commercially important soil-borne
pests. The ultimate effects on yield and quality will be assessed. The effective
amendments will be placed into demonstrations for the industry.

Research has shown that root colonization by specific bacteria or fungi can give general
increases in plant growth, vield, and/or measurable control of known root pathogens
(Cook, 1993; Weller, 1988). Bacteria with these activities on plants are usually
competent root colonizers (Kluepfel, 1993). Strawberry plants in fumigated soils
consistently have much higher root length densities and fewer dark roots than plants in
nonfumigated soils. Relative to nonfumigated soils, total numbers of soil-borne fungi
are usually low for several months following fumigation. Species of Cylindrocarpon,
Pythium, and Rhizoctonia, which are typically damaging to strawberry roots, are isolated
significantly less often from roots in fumigated soils than in nonfumigated soils.
Populations of fluorescent pseudomonads in soil, however, increase quickly following
fumigation to be 10-1000 fold higher than in nonfumigated soils 10-8 months after
fumigation. Predominant isolates of fluorescent pseudomonads from rhizosphere have
been tested for effects on strawberry growth in natural field soil in the greenhouse.
Effects of individual isolates were variable ranging from beneficial to deleterious (Wing,
1994; Yuen, et al, 1991). The most predominant and beneficial rhizobacteria tested
were Pseudomonas fluorescens, P. putida and P. chiororaphis. It is suggested that
reductions in deleterious fungi and increases in beneficial fluorescent pseudomonads
contribute to the enhanced growth response of strawberry.

The goal was to find and effectively deploy microorganisms to improve root heaith,

growth and vyield without soil fumigation or with less than optimum soil fumigation
treatments. Assessments will be made by both the fruit and plant production industries
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as well as by representatives from organic farming. Scaled up demonstrations of the
optimal treatment regimes will be performed.

Field trials will be established at the Monterey Bay Academy near Watsonville on land
leased by the CSC and farmed using normal practices for strawberry production in the
area on 2-row heds. Isolates from strawberry plants and commercially available
organic-compatible vesicular arbuscular mycorrhizal innoculants (AM) that performed
well in recent trials will be applied in smalil replicated plots in Watsonville, Oxnard, or
Santa Maria. Appropriate standard fumigated and nonfumigated controls will be
included, and growth, berry yield, and rooting will be measured along with an
assessment on the relative effectiveness against the spectrum of soil-borne pests that
methyl bromide is currently used to control.

Objectives. The following are the objectives of our proposed research on beneficial
microorganisms. A multi-year program will be needed to fully assess the success of the
research and ensure that the industry is willing and able to adopt the most effect organic
amendments. The following summary, for PMA Work Plan purposes, focuses on the
proposed tasks of the first year of the program, beginning June 15, 2000. The primary
objectives are identified as follows:

1. Evaluate the effects of bacteria in laboratory and greenhouse screens to identify
potential bacteria for field trials. (Much of this research was performed during the
previous 12 months).

2. Isolate three to five pseudomonads with sufficient activity in laboratory and
greenhouse experiments to warrant field testing. Isolates giving plant growth
responses within 5-6 weeks, or improved root heaith will be retained for further
testing.

3. Repeat inoculations of seedlings transplanted into natural and sterilized soil.

4. Evaluate the effects of promising bacteria in field trials for improved root heailth,
growth and berry yield without soil fumigation or with less than optimum soil
fumigation treatments.

5. Evaluate the effects of promising bacteria in a field with 5 year history of non-
fumigation and history of rotation with broccoli.

6. Evaluate seven commercially available AM Innoculants on plant yield with different
cultivars.

7. Expansion to demonstration piots for adoption by industry. Once optimal organic
amendments are identified and proposed use patterns are determined for integration
into organic and conventional pest management programs, regional demonstrations,
comparing to commercial standards, will be performed.
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2. Crop Rotation

The effects of crop rotation on the suppression of socil-borne diseases and maintaining
crop yields have been recognized, but the use of rotations as an agronomic tool has
largely been neglected by growers because of the availability and cost-effectiveness of
chemical fertilizers, pesticides, and soil fumigants. Crop rotations generally reduce
populations of pathogens because pathogens of one crop are unlikely to infect and
multiply on an unrelated crop. Another mechanism by which crop rotations suppress
soil-borne diseases may include changes in microbial interactions or changes in soil
physical factors. A broccoli crop grown prior to a strawberry crop has the potential to
mitigate certain soil-borne diseases in strawberry cropping systems in coastal valieys.
Subbarao and Hubbard (1996) and Subbarao (unpublished) have demonstrated that
rotations with broccoli nearly eliminate propagules of V. dahliae.

Three experiments on a broccoli-strawberry rotation on nonfumigated soils have
recently been completed {Duniway, et al., 1997). At Davis, California, where V. dahliae
is absent, one year of fallow or one year of broccoli production did not increase
subsequent strawberry yields over that obtained with continuous production strawberry.
However, at a Watsonville site with high populations of V. dahliae present, a one-year
rotation with broccoli increased subsequent strawberry yields by 24% and one year of
rye increased vyield 18%, relative to continuous strawberry, all on nonfumigated soil.
Fumigation with methyl bromide and chioropicrin at the same experimental sites
increased strawberry yields 46-69%.

Goal. To study the applicability and efficacy of strawberry crop rotation with broccoli,
lettuce, and brussel sprouts in soil with a history of fumigation, as well as in organic-
certified fields. Effective procedures will be demonstrated and compared to current
practices so that optimal adoption by the conventional and organic growers can be
realized.

Objectives. A multi-year program will be needed to fully assess the success of the
research, however, for PMA Work Plan purposes, the proposed tasks and budget are
identified only for the one year period beginning, June 15, 2000, with an interim report
summarizing findings to date at the end of the PMA funding period. The primary
objectives are identified as follows:

1. Evaluate the effects of broccoli, lettuce, and brussel sprouts rotation in plots with
history of fumigation and history of rotation with broccoli and lettuce.

2. Evaluate the effects of broccoli, brussel sprouts, and lettuce rotation in organic plots.
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3. Evaluate the effects of broccoli crop rotation in conjunction with beneficial
microorganisms in field with 5-year non-fumigation history (see Organic
Amendments - Beneficial Organisms above).

3. Organic Composting

There is evidence that some composts and other organic amendments of soil can
suppress soil-borne plant diseases and generally benefit plant growth (Cheney, et al.
1992, Grebus, et al. 1994, Huber, 1991). There are at least two published trials or
organic composts added to soil for strawberry production in California. One describes a
conversion from standard production practices with soil fumigation to organic production
methods without fumigation (Gliessman, et al. 1896). Unfortunately, a comparison to
continuing fumigation and conventional production practices was not part of this study.
The second study included conventional production practices with methyl bromide and
some of its chemical alternatives, as well as non-treated, conventionally managed soitl
(Sances & ingham, 1997). Broccoli residue, spent mushroom compost, alone or in
combination, did not increase yield significantly and these treatments yielded 40-45%
less than the standard methyl bromide/chloropicrin fumigation treatment.

While it is unlikely that organic soil amendments can fully duplicate the beneficial effects
of soil fumigation, additional research is needed to determine if organic amendments to
soil can be applied with consistent benefit in strawberry production, both in the short-
and long-term. Various organic materials such as manures, sewage sludge, food
processing wastes, and composts have been researched for their potential disease
suppressive effects when incorporated into soils (Chaney, et al. 1992; Davis, et al.
1996; Gliessman, et al. 1996; Grebus, et al 1994; Huber, 1991; Jordan, et al. 1972;
Sances and Ingham, 1997, Tjamos, 1989). More specifically others have found
additions of high-nitrogen organic amendments to reduce populations of Verticillium
dahliae in soil and the incidence of Verticilium wilt in potato (Conn and Lazarovits,
1999; Lazarovits, et al. 1997).

Goal. To study the effects of high nitrogen organic amendments {o strawberry growth
and yield and effectiveness against soil-borne pests currently controlled by methyl
bromide or of economic importance to production of organically grown strawberries.

Objective. A multi-year program will be needed to fully assess the success of the
research, however, for PMA Work Plan purposes, the proposed tasks focus on the first
year, beginning June 15, 2000, with an interim report summarizing findings to date at
the end of the PMA funding period. The primary objective is identified as follows:

To evaluate the activity and phytotoxicity of high nitrogen soil amendments for
suppression of Verticillium wilt in Camarosa strawberries.
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4. Colored Tarps

The effectiveness of clear tarp for solar fumigation of the weed seedbank has long been
established (Hartz et al. 1993). The use of polyethylene tarps or mulches has been a
standard practice in strawberry production. Covering the planting bed with plastic muich
helps regulate plant growth and fruit production; it also limits fruit contact with soil and
irrigation water, which reduces decay problems. Clear mulches provide no weed control
but warm the soil and advance the strawberry harvest date, while black mulches
prevent weed growth, but substantially delay harvest and may potentially cause fruit
burn. Black mulch is sometimes used by organic growers for weed control. Tarps are
now available in many colors, each of which filters light and effects fruit production
differently. For example, blue light inhibits the germination of the seed of many weed
species, therefore, the blue tarp appears promising.

Soil solarization in coastal areas of California is generally less effective than in interior
regions. Which raises the question, what can be done in coastal areas to increase soil
temperatures above the weed seed thermal death point? Soil solarization inside
greenhouses is quite effective since the greenhouse acts to trap heat better than field
solarization (Elmore et al. 1997). Therefore, it may be possible to use two layers of
plastic tarp to create a dead air space and increase soil temperatures compared to the
use of a single layer of clear plastic.

Goal. To compare the influence of the color of plastic muich on weed control,
effectiveness against other soil-borne pests, and berry vieid and quality. Mulch colors
to be tested include blue, brown, green, red, and yellow, as well as the standard clear
and black tarps. Effectiveness under conventional and organic growing conditions will
be assessed. [f available for comparison, high barrier films will also be used to assess
soil pest management effectiveness.

Objective. Evaluate the control of weed and adverse effects of colored tarps on
strawberry production and yield.

5. Solarization

Soil solarization is a method of reducing soil pests by using the energy of the sun.
Plastic tarp is used to retain solar radiant heat in the soil so that a soil temperature is
maintained for a sufficient duration of time to be detrimental to soil-borne pests. The
strawberry growing region in California that is best suited for this cultural control method
is the San Joaquin Valley, where environmental conditions enabie sufficient heat
through solarization to occur. Although killing of pathogens by heating is involved,
microbiological mechanisms are also involved (Gamliel, and Katan, J. 1991).
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Preliminary work has been done in California by Pullman (unpublished), Elmore
{unpublished), and Hartz (1993). Puliman primarily studied soil solarization parameters
in the various climactic regions of California. Hartz, in a two year study at a single
location in southern California, studied the effectiveness of solarization for strawberry
production, and Elmore investigated weed control in strawberry at three locations on the
central coast. Due to environmental factors - mainly amount and duration of sunlight -
Pulliman concluded that soil solarization alone as a means of pre-plant soil preparation
to control soil-borne pests would only be effective in the inland valleys and southern
coast of California.

Soil solarization for control of soil-borne pests is dependent upon, but not limited to, the
following parameters: type of plastic film, configuration of plastic film, soil type, soil
preparation, soil moisture, soil temperature, length of day, intensity of sunlight, and
presence or absence of certain crop residues. Data from a single soil solarization study
done in southern California resulted in strawberry fruit production from plots receiving
pre-plant soil fumigation with methyl bromide/chloropicrin yielding an average of 33%
more than plots that were solarized. Hence a reduction in yield is expected from use of
solarization alone as a means of controlling soil-borne pests. Input costs are expected
to increase due to an increase in the use of pesticides required to control fungal, weed,
nematode, arthropod, insect and arachnid pests. Assuming production costs do not
change significantly, reduced revenue is expected if a concomitant increase in return to
the farmer on reduced output is not realized.

Goal. To better determine the feasibility of solarization for strawberry production, we
propose investigating the applicability and efficacy of soil solarization as a means of
pre-plant soil preparation for strawberry production, initially in the San Joaqguin Valley
followed by modified techniques that may be appropriate for the cooler growing regions
of the state.

A field trial will be established on a commercial strawberry production farm in California.
All treatments will be farmer appilied in large scale blocks. Yield and fruit quality data
will be collected from three twenty-plant plots within each treatment. Observations will
be made of the effectiveness against weeds and other soil born pests currently
controlled by methyl bromide or economically important to producers of organically
grown strawberries.

Objectives. The following are the objectives of our proposed research on solarization:

1. Evaluate the effects of solarization on the plant growth, yield and quality in the San
Joaquin Valley.

2. Evaluate the effects of solarization on soil-borne pests currently controlled by methyil
bromide such as weeds, insects, and diseases.
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3. Evaluate the effects of solarization in enhancing soil populations of saprophytic (non-
pathogenic) microorganisms in relation to strawberry yield and root health.

4. |dentify sites and design modified procedures for solarization in coastai growing
regions.

6. Non-Chemical Weed Control

With a few exceptions, methyl bromide provides excellent weed control in strawberries
(Agamalian et al. 1993). However, as the methyl bromide phase-out approaches the
50% reduction ievel in 2001, there is renewed interest in weed controi with methyl
bromide alternatives. There are a number of potential methyl bromide alternatives for
conventional strawberries (Trout and Ajwa 1998). However, the list of non-chemical
alternatives is very limited. Therefore, there is a great need for further research into
non-chemical weed control alternatives for strawberries.

The use of broccoli residues as a biofumigant for the control of soil-borne diseases has
been demonstrated (Subbarao et al. 1998). Therefore, we asked the question as to
whether broccoli residues combined with soil solarization couid be used to enhance the
weed control efficacy in strawberries, particularly if coupled with other non-chemical
treatments such as soil solarization on the cool central coast.

Corn gluten meal (CGM) has been reported to have herbicidal properties (Christians
19984). However, previous attempts to verify the weed control activities of CGM in our
hands have been unsuccessful (Fennimore et al. 2000).

Objectives. To ensure that all non-chemical pest control methods evaluated within this
PMA Work Plan have been accessed for their relative effectiveness in controlling weed
germination. Also, the effectiveness of corn gluten meal and broccoli residues in
controlling weed germination will be evaluated. The evaluations will be performed
relative to both conventional and organic standards. The assessments will be designed
for communications on demonstrations of these non-chemical techniques and their
scope of efficacy compared to these industries’ standards.

Weed scientist attached to our team, both from the UCCE and CCOF, will be utilized to
perform these assessments so a comprehensive comparative evaluation of weed
control by these non-chemical pest management techniques can be generated. Tasks:

1. All the above projects will have their effectiveness on controlling weed germination
evaluated. These evaluation wilt include:

[0 Organic Amendments with Beneficial Microorganisms
U Crop Rotation

17



1 Organic Composting with High Nitrogen Composts
0  Color Tarps and Films
0 Solarization

2. The results from the above evaluations will be integrated into the development of
demonstration plots to evaluate integrated uses of non-chemical alternatives and
techniques.

3. Evaluation of corn gluten meal and broccoli residues will be performed as non-
chemical alternates. Trials will be established that evaluate these substances alone
and with the foliowing non-chemical control methods (as determined be previous
experimentation to be complementary to the use of corn gluten meal and/or broccoli
residues:

0 Colortarps
0 Organic amendments (beneficial organisms)
(1 Solarization

7. Pest Management Timing — Plant Back Timing

The PMA team must assess the optimization timing for coordinating different alternate
pest management technigues. Research will include an assessment of the appropriate
plant-back timing foliowing the use of the alternate methods and include these results in
the demonstrations for the industry so that these plant-back restrictions, if any, can be
compared to the plant-back restrictions with more traditional, chemical-based
treatments.

With the impending loss of methyl bromide, the strawberry industry has worked toward
developing an integrated pest management approach to address the broad spectrum
control that was provided by methyl bromide. As new practices are developed, it must
be determined how they fit into the strawberry pest management system. A common
problem is determining the plant back timing. Plant back time, for the PMA Work Plan
purposes, is defined as the amount of time {(days) needed from soil bed treatment to the
time strawberry transplants may be safely planted in the bed. Too short a plant back
time could result in plant death, or stunted chlorotic plants that do not perform well.
Proper plant back time is a key to establishing a vigorous stand of strawberry plants.
Whether soil treatment is a traditional chemical treatment or an alternative treatment,
such as a high nitrogen soil amendment, plant back timing is an important facet in the
integrated pest management approach.

Objectives. To determine phytotoxicity of the non-chemical treatments being
performed in this PMA proposal, a bioassay system (typically radishes or another high
germination, quick growth plant), is planted at 3 day intervals. The bicassays use root
vegetables that sprout quickly and thrive under the same soil conditions that are
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optimum for strawberries, and conversely, are sensitive showing phytotoxic effects to
soil conditions that are not optimum to strawberries. The tasks will be the following:

1. To determine the plant back time in alternative soil amendment treatments
conducted at the Monterey Bay Academy. Plant back trails will also be performed if
other PMA non-chemical techniques where plant-back periods are anticipated are
performed at locations other than the Monterey Bay Academy:.

2. At onset of soil amendment treatment, radishes will be planted at 3 day intervals.
Trials to be included are organic amendments and organic compost trials.
Solarization, non-chemical weed controls, and tarp experimentation may also be
relevant to these biocassays.

3. Monitor radishes for vigor and phytotoxic effects at regular intervals.

4. Analyze results and determine plant back timing for soil amendment treatments.

5. Participate in field day demonstrations and use results to design optimal large scale

demonstrations of non-chemical techniques to the industry.

8. Cultivar Tolerance to Non-Chemical Techniques

Phytophthora spp. can infect the roots, crown, and fruit of strawberry plants and are
serious soil-borne pathogens. In California, most of the damage results from root and
crown infections, which cause plant stunting and collapse. Phytophthora root and
crown rots are favored by cool to moderate temperatures and extended by frequent
periods of water saturation in or on soil. The disease-causing potential of these
pathogens is an annual concern for strawberry nurserymen, growers, and breeders.

Although several strawberry cultivars used in the eastern and northwestern United
States have been bred with resistance to most races of P. fragariae, the annual methyl
bromide fumigation system for California strawberries has historically made such
resistance less important for California growers. Without effective fumigation, however,
management of red stele disease (as well as Phytophthora crown rot and Verticillium
wilt, among other soitborne diseases) will become more difficult, relying to a greater
extent on cultural practices, fungicides, and genetic resistance.

Experiments completed at Monterey Bay Academy (MBA) and Wolfskill (WEQ) during
1097/98 tested several methods for field screening resistance to P. cactorum and P.
citricola in some new and standard California cultivars. The first-year results
demonstrated that field screening for resistance to these pathogens is feasible and
revealed large differences in resistance to crown rot among the cultivars tested.
Although all cultivars exhibited early season stunting after inoculation with
Phytophthora, only Diamante and Pajaro suffered high incidence of plant collapse and
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severe fruit yield loss. Expanded evaluations of resistance underway at MBA and
include Aromas, Camarosa, Diamante, Gaviota, Pacific, Pajaro, and Parker.
Complimentary screening experiments are running at WEO with the same cultivars from
low and high elevation backgrounds.

Goal. This task will use the cultivar screening techniques developed for evaluation of
resistance to Phytophthora (described above) to assess the differences between
cultivars in their responses to the non-chemical pest management programs proposed
in this PMA Work Plan. Assessments will be performed of cultivar sensitivities to
organic amendments, organic composts, crop rotation techniques, and use of color
tarps.

Objectives. Field experiments are proposed at Monterey Bay Academy to screen the
effect that selected non-chemical treatments have on resistance to P. cactorum and P.
citricola. Comparisons of commercially available cultivars will be made. Likely cultivars
to be used are Aromas, Camarosa, Diamante, Gaviota, Pacific, Pajaro, and Parker.
These studies wilt be coordinated with the other tasks described above in our Work
Plan. In particular, the following non-chemical treatments will be assessed for their
differential impacts on the various commercially available cultivars:

[0 Organic Amendments with Beneficial Organisms.
[0 Organic High-Nitrogen Composts

00 Crop Rotations

(J Color Tarps

The Phytophthora field-based screening assay is a means by which a reasonably large
number of cultivars can be assessed with in a short period of time with a limited use of
acreage.

9. Coordination and Demonstration with Chemical Alternatives Research

Our goal is the early adoption of alternate non-chemical application techniques by
California’ s strawberry industry through the use of comparative demonstration trials.
The purpose will be to effectively demonstrate the appropriate, economically feasible
means by which these non-chemical pest management techniques can be integrated
into the pest control systems used in commercial production of strawberries in
California, both conventional and organic.

Objectives. Regional sites will be designed to demonstrate these reduced risk, non-
chemical alternative control methods in direct, side-by-side trials with the current
industry standards. The industry standards will be chemical techniques, including
fumigations with methyl bromide, for growers that use conventional pest management
practices. For growers that utilize technigues that follow organically grown certification,
the common pest management practices used by these growers will be used as the
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standards for comparison. In 2000, these master comparative trials are initially
scheduled for both the Oxnard and Watsonville growing regions. They will be continued
and expanded in future growing seasons.

10. Economic Assessment of Non-Chemical Alternatives

In order for these non-chemical alternatives to methyl bromide treatment to become
adopted by the industry, the growers need to understand the economic consequences
of changing the pest management practice. All of the research listed above, including
the side by side comparison of these non-chemical techniques to existing commercial
pest management programs, will be assessed. Experts in pest management costs for
strawberries will develop economic assessment of our non-chemical techniques and
compare these assessments to commonly practiced pest management programs and
the anticipated economics when the industry’ s central chemical tool, methyl bromide, is
prohibited.

Goal. Develop the economic assessment of the non-chemical alternatives developed
under this PMA Work Plan, utilizing the optimal conditions for the techniques as
determined with our proposed field-based experimentation.

Objectives. Experts in pest management costs for strawberries from the University of
California’ s Department of Agricultural Economics will be utilized to develop an
economic assessment of our non-chemical techniques, based on the results obtained
through this PMA program. These assessments will compare the economics of our
non-chemical techniques to existing pest management practices commonly used by the
industry such as chemical fumigation. Comparisons will also be made to the economics
of pest management anticipated when the industry’ s central chemical tool, methyl
bromide, is eliminated. These assessments will be made available to the industry
through our field demonstrations and written communications. Assessments relevant to
both conventional and CCOF members will be developed.
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Results

1. Amendments with Beneficial Microorganisms (Duniway and Bull)
John Duniway

Strawberry plants in fumigated soils consistently have much higher root length densities
and fewer dark roots than plants in nonfumigated soils. Species of Cylindrocarpon,
Pythium, and Rhizoctonia, which are typically damaging to strawberry roots, are isolated
significantly less often from roots in fumigated sacils than in non fumigated soils.
Populations of fluorescent pseudomonads in soil, however, increase quickly following
fumigation. Predominant isolates of fluorescent pseudomonads from strawberry
rhizospheres were tested for beneficial effects on strawberry growth yield in the
greenhouse and field. Research in other crops has shown that root colonization by
specific bacteria or fungi can give general increases in plant growth, yield, and/or
measurable control of known root pathogens.

Individual bacteria were first screened for antibiosis to Pythium, Rhizoctonia, and
Cylindrocarpon isolates found to be damaging to strawberry roots in nonfumigated soil,
and to the known pathogens Verticillium dahliae, Phytophthora cactorum, and
Colletotrichum acutatum. The same bacteria, as well as some fungi, were also used to
root-dip inoculate clean, 10-week-old Selva and/or Aromas seedlings (5-7 replicates) as
they were transplanted into natural field soil (collected where strawberry was grown
without fumigation) mixed with a potting mix. Isolates that increased plant growth within
5-6 weeks, or that improved root health in the greenhouse, were retained for further
testing. Since we had many isolates, priority was given to those isolates with the largest
and most significant effects of strawberry growth, and second priority to isolates
improving root health and having antibiosis to one or more of the fungi tested above.
Further testing consisted of repeated inoculations of seedlings transplanted into a
second natural soil and sterilized soil.

Individual bacteria and fungi selected by the methods above were used to inoculate
strawberry plants in replicated field experiments. These experiments were done at the
Monterey Bay Academy (MBA) near Watsonville. Three bed fumigation treatments
were applied, i.e., a standard rate of methyl bromide with chloropicrin (MBC), a low rate
of chloropicrin (200 Ib/a), and not fumigated. Bare-root Selva and Aromas plants were
obtained from a high elevation nursery. Roots and crowns were inoculated by dipping
in concentrated suspensions of bacteria or spores at transplanting, and in some cases,
plants were reinoculated periodically as they grew (i.e., to mimic delivery of microbes by
drip irrigation systems).

The effects of the soil fumigation and bacterial treatments on strawberry vields in 2000
and 2001 are shown in Figures 1 and 2, respectively. Aithough soil fumigation had
large effects, none of the inoculation treatments increased plant size or yield in MBC-
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treated soil, and some actually decreased berry yield. In nontreated soil, inoculation
effects on yield were not significant, although some of the bacteria reduced the final
incidence of Verticillium wilt significantly. In contrast, on soil treated with a low rate of
chloropicrin, isolates P1 and P3 increased growth and yield significantly in 2000 and
isolate 4 did so in 2001, It appears that most of the bacterial inoculations in MBC-
treated soil may reduce yield somewhat while many of the same inoculation treatments
may increase yield significantly in soil treated with a moderate rate of chloropicrin. The
main aspects of these experiments are being repeated in 2001-01 with minor
modifications and additional isolates, some of which are more active in the greenhouse
than isolates tested before. While more long-term research is needed, inoculation of
transplants with growth-promoting bacteria and/or biological controi organisms may be
beneficial and feasible. It may aiso be possible to manipulate scil conditions by cultural
or other methods (e.g. low rates of fumigation) to enhance the activity of beneficial

microorganisms.

Relative Strawberry Yields 2000

Inoculation Single ] Multiple Carrier

125
MaBriPic Pic NT

% MeBr Standard

NT P1 P2 P3 K4 NT P1 P2 P3 K4 NT P1 P2 PI K4

Inoculation Treatment

Figure 1. Effect of soil fumigation and inoculations of strawberry plants with various
bacteria on yield of fresh market berries in 2000. Soil was fumigated with methyi
bromide and chloropicrin (MeBr/Pic), chioropicrin alone (Pic), or not treated (NT).
Plants were inoculated with individual bacterial isolates P1, P2, P3, K4, or were not
treated (NT). Plants were either inoculated once at transplanting (left bar for each
isolate) or were also reinoculated periodically during plant growth (right bar). Yields are
give relative to that obtained without inoculation in standard methyl bromide/chloropicrin

fumigated soil.
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Relative Strawberry Yields 2001

125

MeBr/Pic Pic NT

% MeBr Standard

NT 1 3 3R 4 § 6 T22 NT 1 33R 4 5 6T22 NT ! 33R 4 5 § T22

Inoculation Treatment

Figure 2. Effect of soil fumigation and inoculations of strawberry plants with various
bacteria and a fungus on vield of fresh market berries in 2001. Soil was fumigated with
methyl bromide and chloropicrin {MeBr/Pic), chloropicrin alone (Pic), or not treated (NT).
Plants were inoculated with individual bacterial isolates 1, 3, 4, 5, 6, the fungus
Trichoderma harzianum strain T-22, or were not treated (NT). Plants were either
inoculated once with isolate #3 at transplanting (#3) or were also reinoculated
periodically during plant growth (#3R). Yields are given relative to that obtained without
inoculation in standard methyl bromide/chloropicrin fumigated soil.

Carolee Bull (Work also supported by CDPR and USDA)

None of the mycorrhizal innoculants tested (Table 1) had an influence on the yield of
strawberries in organic or conventional production fields (Tables 2, 3). Colonization of
strawberry roots was not influenced by inoculation (Table 2). Likewise, yields of
uninoculated plants were not different than the yields of plants inoculated with any of the
commercial inoculants. These data indicate that the commercially available inoculants
tested do not influence yield in certified organic production fields nor do the
commercially available inoculants tested influence yields in conventional production

fields. '
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Table 1. Commercial mycorrhizal products used in these experiments.

Product Manufacturer
Ascend PA BioScientific, Inc.
BioVam Ecolife, Corp.

Endomycorrhizal Inoculant Bio/Organics, Inc.

EndoNet Reforestation Technologies International
VVaminoc Microbio, Ltd. Royston Herts, UK

Endos AgBio, inc.

Strawberry Saver Plant Health Care, Inc.

Mention of trade names does not constitute an endorsement by the USDA
or CA-DPR.

Table 2. Effect of commercial inoculants on colonization of strawberry (cv. Aromas,

March 2001).
Colonization of strawberry roots

Treatment {% colonized)

1% 52
2 54
3 56
4 44
5 51
6 51
7 50

*Treatment 1 is the uninoculated control; Treatments 2-7 were commercially available

inoculants listed in Table 1.
YSignificant differences were not detected among treatments and any of the locations.
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Table 3. Yield of strawberries inoculated with commercially availabie mycorrhizal
inoculants and grown in organic or conventional production fields.

Market Yield

(K gm/plot + standard error)

2000 2001
Treatment C C
1% 18.7 + 1.2 13.1+2.0
2 19.1+1.2 11.0£ 20
3 18.0+1.2 149+20
4 ; 19.3+1.2 111220
5 18.4 +1.2 NT?
6 191 +£1.2 13.3+x20
7 20.0+1.2 11.5+£2.0
8 NT 11.6 £ 2.0

*Treatment 1 is the uninoculated control; Treatments 2-8 were commercially available
inoculants listed in Table 1.

YSignificant differences were not detected among treatments at the (P=0.05) according
to Tukey-Kramer HSD.

ZNT=not tested

2. Crop Rotation {Martin)

Verticillium wilt is the most important soilborne pathogen of strawberries because of the
premature plant death it causes. Estimates of crop losses vary but range between 30-
50% in the absence of soil fumigation. Currently available commercial strawberry
cultivars are all highly susceptible to Verticillium wilt. The disease has been managed
effectively by pre-plant soil fumigation with methyl bromide and chloropicrin. The
imminent loss of methyl bromide, however, leaves few alternatives for effective
management of Verticilium wilt and other soilborne diseases in strawberries. The
disease is caused by the fungus, Verticillium dahliae, which is widely distributed in the
agricultural soils in California affecting such diverse crops as artichokes, cotton, pepper,
pistachio, potato, strawberry, tomato, watermelon, and a number of crucifer crops. The
fungus produces characteristic black resting bodies called microsclerotia that survive in
the soil for at ieast 10 years. As few as 2 microsclerotia per gram of soil can result in
100% disease incidence.

Continuous cultivation of strawberries increases the populations of pathogenic
microorganisms including the microsclerotia of V. dahliae in the absence of soil
fumigation. In contrast, crop rotations generally reduce the populations of pathogens
because pathogens of one crop are unlikely to infect and multiply on an unrelated crop.
Because of the wide host range of V. dahliae, crop rotations generally have been
ineffective for the management of Verticillium wilt. However, all of this changed with our
discovery of broccoli as an effective rotation crop for reducing the incidence of
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Verticillium wilt in cauliflower (Koike and Subbarao, 2000). We had previously
demonstrated in growers' fields that incorporation of broccoli residue in amounts
representing what is left over after commercial harvest reduced the number of
microsclerotia by more than 60% within one season and repeating the process the
second year nearly eliminated the pathogen. This significantly reduced the incidence of
Verticillium wilt on the subsequent cauliflower crops and the numbers of microsclerotia
formed on the infected cauliflower roots. This was in contrast to a temporary reduction
in the number of microsclerotia observed with the chemical fumigants; at the end of the
cropping season the number of microsclerotia were back to the levels observed prior to
fumigation. Additional studies determined that during production of the broccoli crop
there was no reduction in the numbers of microsclerotia, but within a month after the
residue incorporation, the microsclerotia declined and this reduction continued during
the subsequent cauliflower crop. These effects were observed regardless of the
irrigation methods and regimes employed. In a related study, we also demonstrated
that fresh broccoli o be significantly more effective than dry broccoli, and to maximize
broccoli-mediated pathogen attrition in soil, the residue should be incorporated when
the soil temperature is at least 20 C. Rotations with broccoli also significantly reduced
the soilborne sclerotia of Sclerotinia minor and the incidence of lettuce drop.

The mechanisms by which broccoli residue acts on soilborne pathogens couid be
chemical, biological, or both. During decomposition of crucifer residues, enzymatic
degradation of glucosinolates (group of chemicals characteristic in crucifer crops)
produces sulfides, isothiocyanates, thiocyanates, and nitriles. These chemicals have
been aftributed to reduce propagule numbers of a range of pathogens. Because these
chemicals are volatile, their effects on soilborne pathogens, particularly on the
microsclerotia of V. dahliae, can at best be considered transient. Recent work by others
and us has shown that the primary mechanism of broccoli-mediated suppression of V.
dahliae microsclerotia may be the enhancement of antagonistic soil microorganisms.

Materials and Methods

Based on the success of rotations of broccoli crop with cauliflower and lettuce for the
management of Verticilium wilt and lettuce drop, respectively, we began testing the
effect of rotations of broccoli, brussels sprouts, and lettuce with strawberries for the
management of Verticillium wilt and other soilborne diseases. Experimental plots were
set up at the Monterey Bay Academy in Watsonvilie in soil naturally infested with V.
dahliae microsclerotia. Treatments were replicated 4 times with 2 beds per replicate
and each treatment block was 25 ft long. Strawberry was grown in the plots in the 1996
season, followed by vegetable rotation crops during the 1997 season. After harvest, all
vegetable crop residues were flail shredded, air dried on the surface for a minimum of
two days and incorporated into the soil using a rototilier. Four weeks after
incorporation, the beds in all plots were reworked for the next crop cycle. Strawberry
(cultivar Selva) was grown in all treatment plots during the 1998 season to assess the
effects of different rotation treatments and the experiments were repeated during the
1999-2000 season. Plots fumigated with methy! bromide+chloropicrin (67:43 at 325
ibs/A) were used for comparison with rotation treatments.
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Ali strawberry plots were managed with standard commercial practices with harvest of
culls and marketable vyields collected on a weekly basis. Plant diameters and
assessment of Verticillium wilt incidence and severity were collected at periodic
intervals. The disease severity estimate was done on the scale of 0 to 8, where 0 =
healthy plant, 2 = moderately stunted, 3 = moderately stunted, slight rosette of dead
leaves, 4 = moderately stunted, moderate rosette, 5 = significantly stunted, slight
rosette, 6 = significantly stunted, moderate rosette, 7 = significantly stunted, significant
rosette, 8 = dead plant. Soil samples to determine the densities of V. dahlfiae
propagules and total Pythium population were collected at beginning and at the end of
the rotational crop, and every month after the start of the strawberry crop.

Results

Incculum levels of V. dahliae were influenced by the crop that was grown in the soil
(Figure 3). Broccoli rotations reduced the inoculum significantly and levels remained
consistently low throughout the sampling period. Brussels sprouts also reduced
inoculum, but to a lesser degree than broccoli whereas lettuce had a slight stimulatory
or neutral effect on pathogen inoculum levels. Total populations of Pythium spp. were
not influenced by crop rotation strategy. However, since there are differences in
aggressiveness of various Pythium species on strawberry, additional studies are in
progress to evaluate the influence of crop rotation on specific species.

18
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rAPlant Veg 4/22/97
14 Harvest Veg 6/13/97
12 ™ & Plant Veg 7/16/97
10 - g Harvest Veg 9/11/97
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2 : = & Season End 8/14/98
ElHanest Veg 8/17/99
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q

4 -

¢ -

q
T
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Figure 3. Effects of crop rotation on inoculum densities of Verticillium dahliae
(microsclerotia/g soil) at MBA
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The rotation treatments had a significant effect on the Verticillium wiit disease

severity rating during all of the observation points (Figure 4). Strawberry plants grown
in lettuce rotation treatment plots had the highest disease severity rating in both
seasons. Strawberry plants in broccoli rotation treatment showed a consistently lower
disease severity than in the rest of the crop rotation treatments during the season.
Strawberry plant canopy diameter also was higher in the broccoli rotation treatment
compared with lettuce treatment. Methyl bromide and chloropicrin fumigation produced
the highest marketable strawberry vields (Figure 5). While there was a 23% reduction
in yield for the broccoli rotation plots in 1998, this was significantly better than the 39%
yield reduction encountered with the lettuce rotation plots.

[y
'

6 -
5
2
-E’ 4
A 3 m1998
a 92000
(1]
@
@
[&]

111

=1
|

(=)
-

Fum Broccoli Brussel Lettuce
Control sprouts

Figure 4. Crop Rotation Experiment — MBA Disease Severity Ratings
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Figure 5. Crop Rotation Experiment — MBA Strawberry Market Yieid
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Similar experimentation is in progress at the USDA research plots in Salinas where V.
dahliae is not a production problem to evaluate the influence of crop rotation on root
rotting pathogens. The studies at the MBA site have recently been expanded to inciude
larger test plots as well as the addition of plots in an organic production system.

3. Organic Composting with High Nitrogen Amendments (Duniwayy}

There is evidence that some composts and other organic amendments of soil can
suppress soil-borne plant diseases and generatlly benefit plant growth. High-nitrogen
organic amendments, reported to reduce Verticillium wilt in other cropping systems,
were used in a field experiments on strawberry, starting with applications into pre-
formed beds. Nonfumigated ground was prepared and listed into beds, amendments
incorporated, drip tape and plastic mulch installed, and irrigated. Blood, feather, and
fish meal applied to beds 5 weeks before planting at 2, 4, and 8 tons/acre treated area,
respectively, reduced pathogen populations and the incidence of Vetticillium wilt in
Camarosa significantly. However, they also caused phytotoxicity and, therefore, did not
give increases in yield proportionatl to levels of disease reduction. The effects of the
same amendments at lower rates were insignificant. Chicken manure and mature
compost (8 and 12 tons/acre, respectively), as well as stabilized urea, did not reduce
Verticillium wilt significantly. Major transitions in soil microbiology, ammonia, and pH
occurred as expected following additions of high nitrogen amendments.

In cooperation with Coastal Berry, a 0.3 acre experiment was initiated September, 1999,
on new ground at MBA. The field was being grown organically and contained significant
populations of Verticillium dahliae. The field was divided into 3 replicate blocks, 12 units
each containing blood, feather, or fish meal at rates between 0-6 tons/acre. Soil was
prepared and amendments incorporated on the flat, and then sprinkler irrigated. Beds
were made later and planted with Aromas by normal practice. Broadcast applications of
blood or fish meal at 4 and 6 tons/acre or feather meal at 2 and 3 tons/acre reduced
populations of V. dahliae in soil and the incidence of Verticillium wilt significantly in both
2000 and 2001 (Figure 6). There was no phytotoxicity in these experiments. Effects on
'yield were small because harvest was discontinued in August only 3-4 weeks after the
major disease increase occurred. Had the Aromas plants been kept in production
longer, vield benefits would have been larger. Effects carried over from these soil
amendments, with and without retreatment, are being determined in 2001-02. These
experiments provide valuable information on rates of soil amendments and conditions
that reduce Verticillium wilt and avoid phytotoxicity.
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_ Organic Amendments
Incidence of Verticillium Wilt, 2000
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Figure 6. Effects of high-nitrogen organic amendments on the incidence of Verticillium
wilt in Strawberry. Blood, fish, or feather meal was added to soil at the rates given
before beds were made for planting Aromas in the fali of 1999. The percentage of
plants with disease symptoms was measured in August, 2000.

4. Colored Tarps (Fennimore, also support by UCSAREP BASIS grant)

Three studies to evaluate the weed control efficacy of several polyethylene muich colors
were initiated September of 2000 at Monterey Bay Academy (MBA) in Watsonville (two
studies) and at Martinez Farms of Oxnard, CA. One of the studies, at MBA, was
established in a certified organic field and all inputs were consistent with organic
production practices. Two conventionatl trials were established, one in Oxnard and the
other in MBA, on ground that was fumigated with chloropicrin at a rate of 180 and 187
pounds per acre, respectively.

Strawberry transplants were established in all plots during October 2000. A randomized
complete block design with four replications was utilized. Mulch colors in both MBA
studies included: black, white (on black), brown, green, yellow {(on brown), blue, clear,
and red (on brown) polyethylene, plus bare ground was included as the control. The
muich colors at the Oxnard trial were silver, black, blue, clear, white and green.
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In the organic system, weeds from two 0.25 m? quadrates per plot were harvested at
about six-week intervals, identified by species and weighed. In the conventional system,
weed density counts were made at about six-week intervals. Four nylon mesh bags with
one hundred seeds each of little mallow, redstem filaree and California burclover
(Medicago polymorpha) were placed on the soil surface under the tarp of each plot. The
purpose of these seed bags was to determine the effect of light and temperature under
the various mulches on weed germination. One set of the bags was removed at two-
month intervals. Upon removal, the seeds were examined and the number of
germinated seeds counted.

Plant diameters were assessed twice during the season at the MBA trials by measuring
the diameters of 20 plants per plot in two directions, both parallel and perpendicular to
the plant row. Total marketable yield was also sampled at these trials from twenty-four
plants per plot in the organic system and 40 plants per plot in the conventional system.

Organic strawberry colored mulch evaluation.

Weed biomass was reduced under the black, brown, green, red {on brown), white (on
black) and yellow (on brown) polyethylene mulches compared to bare ground (Table 4).
Plant growth was enhanced by all of the colored mulches compared to bare ground.
The highest production of marketable fruit came from the plots covered with black,
brown, green, red (on brown), white (on black) and yeliow (on brown) mulches.

Table 4: A comparison of the effect of colored polyethylene mulches on weed growth,
plant growth and yield in organic strawberries at MBA.

Tarp color Weed biomass  Plant diameter Fruit yield
g/0.25 m* {cm)? Crates/acre”

Bare ground 7556 b 17.44 ¢ 74717 b
Clear 1294.1 a 19.32 bc 1072.70 ab
Black 2139 ¢ 20.55 ab 1582.27 a
Blue 524.1 b 20.17 ab 1144.05 ab
Brown 433 ¢ 21.55a 1499.31 a
Green 1246 ¢ 20.45 ab 1345.96 a
Red (on brown) 196.3 ¢ 21.33 ab 1374.44 a
White (on black) 166.3 ¢ 19.66 ab 1391.11 a
Yellow (on brown) 59.5 ¢ 20.37 ab 1284.74 a
LSD 0.05 275.8 2.10

3 Mean diameter of 20 plants per plot.

b Marketable fruit yield.

Conventional strawberry colored muich evaluation.

At the MBA site, weed density was lower in the black and green polyethylene

treatments than the other colored mulches (Table 5). Blue mulch had the highest weed
densities. Weed seed germination in the installed seed bags was highest under the
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clear mulch and lowest under the green muich. Plant growth and yields were enhanced
by the clear mulch, but were reduced by the white muich.

Table 5: Effect of mulch color on weed density (no./ft?), seed germination per bag, plant
diameter and yield of conventional strawberries in colored polyethylene muiches at
Watsonville, CA .

Polyethylene Weed density Weed Plant diameter Yield
mulch color (no./125ft%) germination {cm)? (crates/acre)”
(no./bag)
Bare 20.00 bed 16.00 ab 22.50 de 4595.9 be
Clear 29.25 ab 22.75a 24.98 a 5670.6 a
Black 7.00d 14.00 ab 23.96 ab 4940.2 b
Yellow (on 25.00 bc 16.00 ab 23.21 bed - 4805.7 b
brown) 13.00 cd 6.50 b 23.65 be 4798.9 b
Green 22.25 bed 13.50 ab 22.94 bede 47658 b
Red (on brown) 16.75 cd 11.25 ab 22.64 cde 4654.5 bc
Brown 38.25 a 9.25 ab 23.21 bed 4551.1 be
Blue 21.00 bed 11.00 ab 22.04 e 41226 ¢
White (on black)
LSD 0.05 2.49 14.15 1.13
2 Mean diameter of 20 plants per plot.
b Marketable fruit yield.

At the Oxnard site, weed densities were highest in the plots covered with clear mulch
(Table 6). More weeds were present in plots with biue and white mulch than plots with
the other colored mulches. More weed seeds germinated under the white colored mulch
than the other colored mulches, and the fewest seeds germinated under the clear and
black mulch. The soil under the clear muich was dry due to high soil temperatures and
the fact that the seed bags were 12 inches away from the drip tape resulted in low
germination rates. These results indicate that black and green mulches provide the
highest level of weed control.

Table 6: Effect of mulch color on weed density (no./ftz) and seed germination per bag at
Oxnard, CA

Polyethylene mulch color Weed density Seeds germinated in
(no./ 400ft%) bags
(no./bag)
Clear 86.00 a 7.00b
Blue 61.00 ab 20.25 ab
White 55.75 ab 31.75a
Silver 28.00b 16.50 ab
Black 23.25b 6.25b
Green 20.00 b 19.00 ab
LSD 0.05 41.59 16.19
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5. Solarization (Fennimore)

Three treatments were used to compare the effects of solarization: a control, a single
layer of plastic and a double layer of plastic with an air space between the two layers.
Nylon mesh bags containing one hundred seeds each of four weed species were placed
under each tarp or in the open air (control). Species of weed seed chosen for this
experiment include: common purslane (Portulaca oleracea L.), little mallow (Malva
parviflora L..), redstem filaree (Erodium cicutarium L’'Her.) and prostate knotweed
(Polygonum aviculare L.). Temperatures were monitored under the single and double
layer tarps using Hobo® Pro HO8 temperature recorders (Oneset Computer, Pocasset,
MA}. The seed were exposed to the treatment from September 2 through October 4,
2000 (32 days elapsed). Weed seed were removed at the end of the period, and seed
viability was assessed using tetrazolium assays (Grabe, 1970). The study was arranged
in a randomized complete block design with 4 replicates, and was located on a
commercial farm near Watsonville, CA.

The soil temperatures in the double layer tarp treatment exceeded 50°C for 9 hours
during the 32-day period, while soil temperatures in the single layer tarp never
exceeded 50°C. Purslane seed viability was reduced by the double layer tarp
treatment, but not by the single layer tarp treatment (Table 7). Seed viability of the other
species was not affected by any of the solarization treatments (data not shown).

Table 7. The effect of single and double layer plastic on purslane seed viability.

Treatment Purslane viability (%)
Untreated 85.8
Single layer 79.3
Double layer 51.8
LSD 0.05 14.7

6. Non